Introduction
The stringent requirement of minimal redundancy for SWISS-PROT (Bairoch and Apweiler, 1998 ) applies equally to TrEMBL. There are different kinds of redundancy: S Different literature and sequence reports of a given protein sequence. S Mutations, polymorphism, variations in the sequence which are often given separate entries in the nucleotide sequence databases.
Algorithms and implementation
We established a pipeline of three main procedures to achieve the identification and removal of redundancy in SWISS-PROT and TrEMBL. This was used initially to identify and remove the redundancy already present and has now been integrated into the TrEMBL production process to ensure such redundancy does not occur again. It is as follows.
Cyclic Redundancy Check (CRC32)
The Cyclic Redundancy Check (CRC) calculates a nearly unique and very compact checksum for each sequence and this allows fast and accurate detection of identical sequences. At each TrEMBL release, a CRC32 check is carried out to identify identical sequences in TrEMBLnew, SP-TrEMBL and SWISS-PROT. The TrEMBLnew and SP-TrEMBL entries which match SWISS-PROT entries are collated for annotation by curators. TrEMBLnew entries that match SPTrEMBL entries or other TrEMBLnew entries are merged into one entry automatically, with the some exceptions due to the biological nature of the data; for example viral protein fragments.
LASSAP and TrEMBL redundancy
The next step in reducing redundancy is to merge identical subfragments with longer length sequences. For this purpose, INRIA has provided LASSAP (Large Scale Sequence compArison Package) (Glemet and Codani, 1997; Codani and Glemet, 1995) . LASSAP has been modified specifically to identify redundancy in SWISS-PROT and TrEMBL. This step is an integral part of the TrEMBL production process at each release in order to check for such subfragment redundancy within TrEMBLNEW itself and then between TrEMBLNEW, SP-TrEMBL and SWISS-PROT.
MERGE
Finally, a collection of shell scripts and C programs are used to process the matches identified by the LASSAP algorithms. This enables the automatic merging of the identified entries with the required SWISS-PROT standards of annotation and accuracy. Multiple matches are within the scope of this procedure except when the longer sequences differ outside the subfragment match range. These cases are collated and set aside for curator analysis.
Results
The data set used for the development of the redundancy strategy was SWISS-PROT (release 35), and EMBL (release 53) and as a result, TrEMBL (release 5) was produced. Of the 290 000 CDS in EMBL, 100 000 were already present as sequence reports in SWISS-PROT and were excluded from the TrEMBL production process. The remaining 190 000 CDS were merged whenever possible using the new strategy to reduce redundancy and the final result was 166 361 entries. This removal of 30 000 entries clearly shows the value of the redundancy procedures that have been developed and implemented already. Another useful result was the highlighting of another area where further improvement is possible. SP-TrEMBL is still partially redundant against SWISS-PROT. This redundancy is once again due to different literature and sequence reports of a given protein sequence and the mutations, polymorphism, variations in the sequence but in these cases, are non-exact matches. The software is currently being modified to deal with this.
